Introduction
It is reasonable to expect that the introduction of computer technology will improve both the quality of a treatment plan (by permitting more sophisticated plans) and the dosimetric accuracy of the treatments. As with any technological innovation, however, the use of computers will inevitably introduce new risks of error and responsibilities. The computer system has to be checked, and recommended procedures for doing this are discussed in this chapter.
The problem of checking the results of a computer calculation of absorbed dose is essentially the same problem as checking the results of a manual calculation of the same quantity. A knowledge of the dose at a point in a patient is the result of three distinct steps:
(1) Determination of the absorbed dose at the reference point for the reference situation (see Section 2.1).
(2) Calculation, by the computer, of the dose at points in the patient relative to the dose at the reference point. (3) Set-up and treatment of the patient. The uncertainty in the dose delivered is a combination of the uncertainties inherent in each of the above steps. In most applications, the computer is involved only in step (2), the computation of a relative dose. An experimental check of the computer calculation must, therefore, involve measurements at points of interest and a measurement by the same instrument at the reference or normalization point. Many such measurements are described in the literature and can be used [depth dose data (BJR, 1983) , isodose charts, etc.]. If additional measurements are to be performed, they must be done under carefully controlled conditions (homogeneous phantom, or one with well-known composition and shape, etc.).
A computer-produced dose distribution can then be considered to be accurate enough if it differs from relative dose measurements by less than 2% (or 0.2 cm in position of isodose lines in special circumstances involving very steep dose gradients) in points of relevance for the treatment. Even more severe constraints have been proposed by other authors (Dahlin et al., 1983) . To obtain, in routine practice, such a level of accuracy, it is necessary to set up a quality assurance procedure.
Program and System Documentation
At the most basic level of quality assurance, the user of a computer system must be informed about the procedures that are carried out by the software and 49 hardware of the system. Detailed documentation on all of the system components must. therefore. be available (Dahlin et aZ., 1983) . The following division of components is relevant:
(1) Beam library The user must have total control of the beam library; it is recommended that he should be able to enter, inspect, and modify, by himself, all relevant data (see Section 6.2).
(2) Beam model The documentation must include a description of the physical models on which the calculations are based. This must include a detailed statement on the possible range of applications, the limitations and the accuracy of the results, and forbidden or dangerous actions. The user should have full access to the source programs and model parameters.
(
3) Dose distribution calculations
The documentation must include a complete description of the procedures for entering patient data and treatment parameters. A description of the method used to obtain the dose distribution and to interpret the results must also be given.
Initial System Checks
Before placing a computer system into clinical use, it must be carefully checked with respect to its diverse functions and accuracy. Such checks cannot reasonably cover all possible applications but should cover a representative set of those applications used in the respective institution.
These initial checks could consist of at least the following:
(1) The reproduction of input information, for example, the computation of absorbed dose in radiation beams for which radiation data are entered; (2) Calculation of a set of selected example treatment plans. These could first be produced manually, taken from the literature (ICRU, 1976; Johns and Cunningham, 1983) or from measurements. These may be retained for subsequent use.
Repeated System Checks
Repeated checks should be carried out at regular intervals. Such checks are most easily done by calculating the isodose distribution for a set of selected examples covering a range of irradiation techniques of the radiotherapy department as referred to in (2) of Section 9.3. The result of the repeated runs of this problem set can be compared to the outcome of the initial check. These checks should be carried out after each modification of the beam library and/or each program update or modification of the hardware. Beyond this, separate spot checks at regular intervals are worthwhile to detect inadvertent or accidental modification of either hardware or software.
It is useful to accumulate or have access to a quality control tool consisting of typical patient data and treatment conditions. This tool must be carefully designed so as to cover a wide spectrum of practical conditions. A permanent record of the results of such tests must be kept and referred to if any error is suspected. Such tools may also prove to be useful in intercomparing the precision of different treatment planning systems (Rosenow, 1978; Rosenow and Burmeister, 1978; SFPH, 1982) .
Quality Assurance Through Manual Procedures
The introduction of computer technology in radiotherapy planning procedures should not be regarded as implying the demise of manual procedures. Rather, for backup, quality control and general educational purposes, it is strongly recommended that the ability to perform manual procedures be maintained and practiced in the department. A number of reasons for this are:
(1) A person experienced in manual procedures may more easily notice errors that have occurred incidentally in the use of a computerized dose-planning system. Such errors may result, for example, from the corruption of data files during back-up procedures or inadvertent use of out-of-date data files. (2) In special clinical situations or in the implementation of new treatment techniques, it may be that the range of applicability of the algorithms is exceeded. (3) Beyond these there is always the possibility of temporary unavailability of the computer system because of technical breakdown or during renovation or system modification. (4) For educational and training purposes.
In Vivo Dosimetry
In vivo measurements of absorbed dose have the advantage of checking the combination of all of the components, but only in a limited number of positions. The measurements themselves may have rather large uncertainties and each center should know, in detail, the precision of its measuring system. Nevertheless, the use of in vivo dosimetry should be strongly encouraged because it is the only method by which the true dose at a point in a patient can be compared with the calculated dose at that point.
